Magnesium alloys based on MgAlZn system are very attractive materials in many industries due to their specic properties. One of common forming manners suitable for this kind of material is the application of severe plastic deformation method. This paper is focused on the deformation behavior of AZ63 alloy at equal channel angular pressing process in the temperature range of 250320
Introduction
The benets of application of severe plastic deformation (SPD) have been known for a relatively long time, especially in the area of constructional metal materials.
The main advantages of the SPD processes lie in their effect on mechanical properties of the processed materials [14] that result from the high renement of the grains.
Probably the best researched SPD process is the equal channel angular pressing (ECAP). There is a relatively large number of written sources based on practical experiments and physical or numerical modeling in this sphere of the process.
A great deal of research was focused on the description of the geometry of the used die with regard to the angle between the particular sections of the channel (φ) and the angle that denes the external radius of the generated channel (ψ) or the homogeneity of the imposed strain [5, 6] . However, an overwhelming majority of this research involved pure Al or its alloys. Compared with the mentioned group, other materials have been used to a far lower extent, such as for example Mg, or its alloys.
Although these materials have received growing attention over the past few years, especially thanks to their * corresponding author; e-mail: radim.kocich@vsb.cz specic properties, there are still areas that have to be dened more accurately to allow successful commercial application of SPD processes. It is known that in Mg alloys, a suitable forming method facilitates super-plastic behavior both at high strain rate as well as low temperatures [7, 8] . A recently published article [9] brought interesting information on the concurrent growth of strength and plastic properties of the Mg alloy ZE41A after the application of ECAP when, by using a large number of passages, the yield strength increased by 120% and the ductility by 75%. Like in the case of extrusion of Mg alloys in a multistage process [10] , this signicant growth of plastic properties is attributed to the activation of shear processes dierent from basal slip systems, or more precisely, further strain mechanism during ECAP.
It can generally be declared that more complicated deformation behavior can be anticipated in alloys with a low number of slip systems. For this reason, several strategic methods for successful processing of dicult to deform materials have been veried.
One of the proposed solutions (aforementioned) suggests processing these materials at higher temperatures, thus increasing their formability thanks to the activation of non-basal slip systems [11] . This benet, however, is limited by the undesirably large grain size after the pressing. The second approach to solving the low formability after ECAP is the application of dies with larger angles between indi-
vidual sections of the channel. There have been cases when the material was segmented after being pressed through a die at the angle of 90
• , but if the material was pressed through the die at a larger angle, several passages were performed without disrupting its integrity [12] . Another example, the study [13] , indicates that the pressing of an Mg alloy (ZK60) through a die at an angle of 90
• caused the creation of cracks along the entire length of the sample, pressing through a die at an angle of 110
• produced trouble-free pressing (without visible cracks). The disadvantage of this method is a relatively low amount of embedded deformation in an every single passage. This fact brings about not only the need for a larger number of passages, but also the material losses of the sample.
The third, frequently proposed solution lies in the application of back pressure (BP) as an additional tool for material failure suppressing [14] . However, as partial results suggest, even this eect cannot completely eliminate the emergence of cracks or other forms of failure, although they are greatly suppressed [15] .
As mentioned above, the multistage process of extrusion is one of the well-proven processes in ECAP. We must also mention the stability of a plastic ow of material as a factor that plays an important role in the ECAP process. Together with other factors, the plastic ow of the material aects both the magnitude of the imposed strain and its homogeneity and, last but not least, the disposition of the processed material to the development of cracks. The plastic ow has been researched by several authors who checked various methods of evaluation from theoretical determination [18] through experimental tests [19] up to utilization of numerical modeling which probably includes the largest number of published works especially as regards application of the nite element method (FEM) [15, 20] . Most of the published works consider absence of friction as an initial condition in the process and are most frequently executed for the angle φ = 90
• . Just a small number of experiments describe strain behavior in the application of dies under the angle of φ < 90
• .
The submitted article is concerned with the denition of strain behavior of magnesium alloys based on the MgAlZn system (specically the AZ63 alloy) during ECAP when dies with various angles φ are applied. In addition to the temperature and stress properties, the main research factors regarded the stability of the plastic ow of the material during ECAP at specied temperatures and other variable factors. • published in [25] . The presence of the corner zone is conrmed only in the die with the angle of 90
This dead zone is situated into an area adjoining the outer radius. Besides this corner zone, we must mention the areas where the material adheres imperfectly, mainly to the surface of a channel adjoining the internal radius (lateral gaps). These zones can be observed in higher as well as in lower extrusion velocities.
Similar outcomes have been published earlier [26, 27] , but at that time the inuence of the strain rate sensitivity (m) on the formation of these lateral gaps in the outlet section of the channel was monitored. It has been proved that with a drop of the m value, the cross-section of the pressed sample gradually decreases so that the sample contribute to the failure creation [13] .
As regards the plastic ow of the processed alloy, it may be declared that during ECAP at the temperature 320 • C (Fig. 3 As it was mentioned before, the usage of material with coarse initial grain size causes a very frequent gain in bimodal distribution of the grain size in the structure.
Conversely, if the initial grain size is low (e.g. by a previous pressing), a gain of an equiaxed ne-grained structure can be anticipated [13] . Nevertheless, for successful processing of hard to deform materials (Mg alloys, particularly based on MgAlZn), it is necessary to observe all the mentioned factors and the morphologic type of With a rising temperature, the length of areas with bad adhesion of the extruded material, particularly to the top wall of the channel, is growing. Higher extrusion velocities resulted in higher values of oscillation in the material ow, i.e. means less favorable material ow and higher probability of stress concentration. As regards ECAP at a lower temperature, a narrower area with a lower shearing strain than in extrusion at higher temperatures was detected. With decreasing angle of the die channel or growing magnitude of the friction coecient a higher punch pressure was needed.
As this article suggests, the reduction of pressing speed, use of dies with a larger angle or BP application may similarly like previously published factors (reduction of initial grain size or increase of the m value) result in suppression of cracks in the ECAP process.
